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Abstract 
Bridges are the most significant components of the transport infrastructure from the viewpoint of safety, durability and 
serviceability and also from the economic aspects. Therefore, it is necessary to pay enhanced attention to their design and 
exploitation to fulfill required function during the bridge lifetime. Because of acting aggressive environment the resistance 
can be changed during the structures service time. The effort was focused on compression orthotropic deck creating the 
upper flanges of bridges with ballast beds.  The degradation as well as material and geometric characteristics is stochastic in 
their nature, so the probabilistic approach to the structural reliability assessment is necessary to use. The probabilistic model 
was developed in ANSYS software environment using software support module PDS. Random variables were described by 
means of parameters of probability density distribution according to data determined experimentally. The parametric study 
was realized to obtain a dependence of the deck resistance on the variable structural and geometrical characteristics, as well 
as dependence on the environmental action in the form of corrosion. The time variable loss of deck resistance was 
computed based on some corrosion models.  
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1. Introduction 
Stiffened plated structural elements are the main and important parts of the box girder bridge structures or 
the bridge structures with ballast bed. Their structural integrity affects directly their safety and reliability. The 
orthotropic deck is consisting of thin-walled sheets stiffened by the system of longitudinal and transversal 
stiffeners and therefore the actual behaviour of the deck is very complicated. Its stress state is significantly 
influenced by the interaction between plate buckling, shear lag and effects of transverse loads due to transport 
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actions resulting from the deck performance. Concurrently, the geometrical and material nonlinearities are 
necessary to take into account. The authors have concerned on the stochastic behaviour of this kind of bridge 
structures allowing for random geometric and material characteristics. A proper consideration and treatment of 
uncertainties basically enables a reliability assessment and ensure the quality and reality of the bridge global 
analysis. 
 
Nevertheless, the actual member resistance can be changed by various factors like degradation of material 
due to aggressive environment. Generally, deteriorating structures are maintained in accordance with their 
actual technical states. Because of limited available resources, incorrect maintenance decisions and although 
many quality corrosion protection systems are available at present, phenomena of corrosion as the basic and 
most important degradation effect is significant all the time. Effects of this degradation cause material loss 
leading to the reduction of structural resistance. Corrosion effects influencing member resistance can be 
obtained by means of structural model based on some corrosion models. Then, corrosion effects could be 
expressed in the form of the time variant loss of the structural resistance. The parametric study of corrosion 
effect simulation was realized to observe the variation of the bridge ultimate strength within the bridge service 
lifetime resulting from the generalized corrosion of the bridge stiffened deck plate. To analyse the actual 
behaviour of the bridge orthotropic deck subjected to transport load, the nonlinear computational model of the 
railway bridge with the ballast bed was developed using software ANSYS. 
2. Methodology of stochastic analysis 
There are many factors influencing the behaviour of structure and the main ones are actions, geometric 
characteristics of structure, mass density, boundary conditions and material properties affecting significantly 
structural member resistance. For example, the plate resistance can be locally reduced due to material 
imperfections, or the plate thickness can vary following uncertainties of the production process. Generally, 
partial safety factors are covering effects of those uncertainties but usually they are fairly conservative leading 
to the decreasing of the economic efficiency. Considering structural model properties more realistic means to 
allow for uncertainties in the form of random variables and therefore the structural system response will be a 
random variable and also the structural performance will be a random process. Structural reliability assessment 
requires modelling of random variables and the evaluation of their statistical characteristics. The response 
analysis of a system with uncertain properties is generally referred to the stochastic analysis.  
 
There are two types of stochastic analyses. The first is the probabilistic analysis considering three basic 
uncertainty models determining the statistical properties of the structural response (mean value, standard 
deviation). The second is the reliability analysis when the probability of the occurrence of some event (failure 
etc.) is calculated. Exact methods (numerical integration, Monte Carlo simulation) or approximate ones 
(FORM, SORM, Response Surface Method) could be used for solution of those tasks.  
3.  Structural modelling 
3.1. Bridge structural  model  
The simulations were performed using the finite-element package ANSYS, taking into account the nonlinear 
structural behaviour. The Shell 181 element (four nodded shell element with six degrees of freedom at each 
node) suitable for large rotation and large strain nonlinear applications was chosen. Moreover, the model 
should comprise the same boundary condition like exists in the actual structure and should also respect the 
relevant initial imperfections. The developed model was calibrated using the results of experimental analysis 
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accenting the real structural behaviour. The number of integration points through the sheet thickness was 
calibrated with respect to achieve the required accuracy and to plot the gradient of normal stresses. Two 
numerical finite calculation models were developed – the deterministic model and the probabilistic one. The 
isotropic nonlinear plastic material behaviour was modelled using the von Misses yield criterion coupled with 
an isotropic work hardening assumption and a multi-linear approximation of the stress-strain curve.  
   
Fig. 1. (a) Deterministic finite element model – shape of initial deformation (100 times multiplied); (b) Bridge cross section  
Due to absence of measured initial imperfections, the standard equivalent geometrical initial imperfection in 
the form of sinusoidal surface was incorporated into the calculation model. The transverse displacement fields 
of imperfect plates are normally represented by a double Fourier series. The amplitude of the longitudinal 
stiffener initial bow was considered by the value of a/400 and the initial bow of the deck sheet in transversal 
direction between longitudinal stiffeners was given in the form of „hungry horse“ with the amplitude b/200.  
Table 1. Input random variable specifications 
No. Name of parameter Type of distribution Mean value Cov. 
1 TPL Thickness of plate Normal 14.076 0.15500 
2 TFMG Thickness of main girder flange Normal 50.070 0.21800 
3 TFCB  Thickness of cross beam flange Normal 15.561 0.14300 
4 TST Thickness of stiffener Normal 25.310 0.28400 
5 TWMG Thickness of main girder web Normal 14.272 0.17600 
6 H_ST Stiffener height Normal 248.89 1.80500 
7 EX1 Elasticity modulus Log - normal 210000 8400.0 
8 FY1 Yield strength Log - normal 285.91 16.09000 
 
The probabilistic model was developed using deterministic one and software support module PDS 
(Probabilistic Design System) allowing for direct connection between FEM analysis and methods of the 
probability analysis. Input random variable specifications obtained from experimental measurements can be 
found in [5] and are shown in the Table 1.   
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3.2. Corrosion effects simulation 
Corrosion of plate deck due to environmental conditions was taken into account. Two cases of bridge deck 
corrosion were considered. Firstly, the corrosion of the lower part of bridge deck was only taken into account 
providing, that deck insulation would be serving within whole bridge lifetime. Secondly, the corrosion of both 
parts of the bridge deck was considered, so that the bridge insulation was not acting perfectly during whole 
bridge lifetime. Due to absence of the actual corrosion model of this case, known corrosion prediction models 
were used for corrosion modelling of the lower part of bridge deck. Therefore, models of Akgul- Frangopol [1] 
for upper deck part and model of Qin – Cui [4] for lower deck part were used. 
 
The corrosion losses were determined using following relations expressing mean value and standard 
deviation in the case of Frangopol model  
0.50.03207dcorr tP  ,  (1) 
0.0450.00289dcorr tV  ,  (2) 
and in the case of Qin-Cui model 
 1.971.67 1 exp / 9.15dcorr tP ª º  « »¬ ¼ ,  (3) 
 0.02940.0674 1 exp / 0.181dcorr tV ª º  ¬ ¼ ,  (4) 
Corrosion effects was taken into account by means of thickness reduction dcorr calculated according to the 
above mentioned probability models using following relation  
,pl red pl corrt t d    (5) 
where tpl is the plate thickness without corrosion effects. 
4. Parametric study of corrosion effect on  structural resistance 
To determine, how the corrosion effects influence the deck ultimate strength, the parametric study was 
carried out. Therefore, 16 types of bridge structures with orthotropic plate deck were analysed, when the plate 
deck slenderness and slenderness of longitudinal stiffeners were changing in the range from 30-45 with the 
slenderness step 5 and 30-60 with the slenderness step 10 respectively.  
 
The structures were loaded by idealised uniformly distributed load using incremental analysis. The 
resistance of bridge structure was determined providing, that the limit state of the structure was declared by the 
structural collapse. The method Arc – Length was used, so that the structural failure was considered by 
achieving the limit point, where the tangential stiffness is zero.  Also the stresses were controlled to observe the 
state, when the deck would be in elastic-plastic state and the plastic strain could achieve value of 2εy (εy 
corresponds to the steel yield strength). Regarding very complicate plated system, the limit state is not clearly 
defined. In Fig. 2(a) and 2(b), the stress state plot for case 8 (the plate slenderness is equal to 35 and the 
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stiffener slenderness is 60) can be seen at the beginning of the service lifetime and in the end of its service 
lifetime. 
   
Fig. 2. (a) Obtained stress state plot in the time=0 years; (b) Obtained stress state plot in the time=100 years 
The approach how to determine the loss of resistance, or ultimate strength of structures due to corrosion 
effects is not exactly known and specified. In this work, the recording of stresses, deformations and strains was 
carried out in several time points, hence the following ratio of particular parameters (for example stresses) to 
parameter (stress) in the zero time can be determined as the resulting loss of resistance. Time variant curves can 
be also obtained from ratios of maximum loads which could be applied to the bridge structure within bridge 
lifetime, but dependence on the particular load level as well as dependence on the observed bridge structural 
place of those curves is different. 
    
 Fig. 3. (a) Dependence of stresses on the input load intensities and time – upper surface of the middle longitudinal stiffener; (b) bottom 
fibre of the middle longitudinal stiffener 
In the Figures 4(a) and 4(b), the ratios of the resistance decreasing of all 16 types of investigated structures 
in time (the ratios of stress point sigma2 – the upper surface of middle longitudinal stiffener are only shown for 
demonstration) are shown. 
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Fig. 4. (a) Resistance decreasing in time – at the reaching values of yield strength; (b) at the collapse of structure 
5. Conclusion  
The paper presents approach to the determination of the time-dependent loss of resistance due to corrosion 
effects acting on the bridge orthotropic plated deck with the ballast bed. The probability distribution of the 
ultimate strength of imperfect bridge deck structure subjected to the out-of-plane load and axial compression 
resulting from global bridge bending was evaluated in dependence on several random variables and assessed by 
a nonlinear finite element analysis. Using this computational model the corrosion simulations were carried out. 
From the figures of the time-resistance decreasing follows, that the bridge deck resistance is significantly 
influenced by the corrosion degradation. Precious time variant curves representing the loss of time-resistance 
for all 16 case structures were obtained. The corrosion effect means the structural resistance decreasing about 
11-18 %. As was mentioned above, it is depending on the particular load level as well as on observed structural 
place.  
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